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Abstract 
In Kenya, smallholder farmer’s production accounts for 75% of total agricultural output and 70% of marketed agricultural produce. However, 
productivity in the smallholder farms is still below potential due to continuous cropping with low and inefficient use of agricultural inputs, 
particularly fertilizers. Yields and fertilizer efficiency of high sulphur requiring crops such as maize, soybean and beans pulses could be 
improved by the use of appropriate sulphur fertilizers. Consequently, Kenya Agricultural Research Institute (KARI) in collaboration with OCP-
Morocco initiated a three year multi-location on-farm trials to evaluate the efficiency of two OCP sulphur fertilizer formulations: NPS: 
19:38:0:7S and NPS: 12:46:0:7S on maize, soybean and climbing beans. The field trials started in October and were conducted in 56 farms 
across four counties of Central Kenya. The trials design is randomized complete block (RCB) with farms in one cluster acting as replicates. 
Four treatments consisting of two OCP sulphur containing fertilizers (NPS), Diammonium phosphate and NP-23:23 were all tested against the 
farmer’s practice (FP) on maize, soybeans and climbing beans. Results obtained indicated significant yield differences between treatments 
(P<0.05) within the counties. Majority of the sites exhibited crop responses to the different fertilizers but with large yield variations across the 
sites resulting from differences in soil fertility levels, sulphur status of cropped fields, crop management and rainfall/water regimes. However, 
these preliminary results from a single crop growing season will be compared with those from the next five seasons planned to be covered by 
the project. In the next cropping seasons the four fertilizers will be tested in presence and absence of lime. Soil sulphur status from analyses 
underway will be considered in the assessment of crop responses to the OCP NPS fertilizers.  
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of SYMPHOS 2013.  
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1. Introduction 
Agriculture is the major economic sector in Kenya, employing over 70% of the population and contributing about 25% of 
GDP. Kenya vision 2030 identified agriculture as one of the key sectors to deliver the 10% annual economic growth rate 
envisaged under the economic pillar. Therefore economic development hinges on an improvement in agricultural productivity 
which, in turn, hinges on the use of productivity-enhancing inputs such as fertilizers. Kenya’s agriculture is predominantly 
smallholder farming with production carried out on farms of 0.2 to 3 ha. Smallholder farmer’s production accounts for 75% of 
total agricultural output and 70% of marketed agricultural produce. Smallholder farmers produce over 70% of maize, which is the
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staple food crop. Productivity levels for many crops are below the potential and for some agricultural produce yields and values
over a 5-year period have either remained constant or are in the decline. 
Like many other Sub-Saharan African (SSA) countries, in Kenya soil fertility is declining across the different agro-ecological 
and socioeconomic conditions because areas with high agricultural potential are usually densely populated and in most cases farm
holdings are less than 1 ha (Ssali et al., 1986) [1] and subsistence agriculture is the dominant system. The farmers practice 
continuous cropping with limited use of nutrients or no replenishment of nutrients offtaken by crops grown. This has resulted in
high soil nutrient depletions; for example, in Kisii an annual depletion of –112kg N /ha, -3 kg P/ha and -70kg K/ha was reported
by Smaling et al. (1993) [2]. Thus, there is potential for increasing crop productivity of small-scale farmers with the adoption of 
modern farming technologies such as uses of fertilizers, improved seeds and water management.  
Continuous cultivation has been practiced in the high and medium potential areas of Kenya for important crops such as maize, 
beans, tea, and coffee for many years. This has resulted to declining crop yields, which were attributed to nutrient mining and
imbalances due to unbalanced fertilization practices. Attention has been paid to N and P fertilization and no or little attention to 
other nutrients such as potassium K and S thus leading to declining crop yields.  
Maize yields declined after 10 years of continuous cultivation with application of inorganic N and P and the decline was 
attributed to the depletion of nutrients not added with the fertilizer (Bekunda et al 1994) [3]. Many studies have shown that after
replenishing nutrients initially limiting crop production, other nutrients quite often become limiting (KARI, 1994) [4].  Thus, S 
could be limiting yields of some high S requiring crops grown continuously with N and P fertilizer applications without S 
replenishment. Secondary nutrients such as S, Ca and Mg, and sometimes micro-nutrients are becoming limiting, which also 
reduce crop yields. 
Beans (Phaseolus vulgaris L.) in Kenya are the most important food legumes occupying large acreage (300,000 – 500,000 ha) 
most of which are in Central and Eastern parts of Kenya. They are important food crops providing major sources of dietary 
proteins to the small scale farming community (Gitu, 1992) [5]. However, the yields are very low (200-500 kg/ha) in small 
holdings while under research plots, yields larger than 2000 kg/ha have been achieved using various soil amendments 
with/without rhizobia inoculation (Kibunja et al., 2000) [6].  
Vision 2030 (Government of Kenya (GOK, 2007) [7] has identified soybean as one of the crops which will contribute to the 
pillar for economic growth. Soybean is becoming a very important grain legume in Kenya due to its recognized potential as a 
food, livestock feed, source of oil and income generation for smallholder farmers. However, the yields of the pulses are 
constrained by low soil fertility including S deficiency, which is an important element in a number of amino acids syntheses. 
To contribute in achieving the goals of Vision 2030, the above OCP-KARI project was elaborated with the principal objective 
of  evaluating the efficiency of two OCP sulphur containing fertilizers, NPS-19:38:0:7S and NPS-12:46:0:7S against two 
recommended and most commonly used NP compound fertilizers for planting maize, climbing beans/and soybeans, which are 
DAP-18:46:0 and NP-23:23:0. 
Nomenclature 
uT velocity in the direction of (m/s) 
A radius of (m) 
B  position of 
C further nomenclature continues down the page inside the text box 
Greek symbols 
J stoichiometric coefficient 
G boundary layer thicknesses (m) 
Subscripts 
r  radial coordinate 
1. Objectives, materials and methods 
The principal objective of the on-farm trials conducted is to evaluate, demonstrate and disseminate sustainable, efficient 
fertilizer nutrients management for increased yields of maize, soybeans and climbing beans grown by smallholder farmers in 
Kenya. 
1.1. Specific Objectives  
To evaluate the efficacy of NPS-12:46:0:7 against Diammonium phosphate (DAP) and NP- 23:23 on yields of climbing 
beans and soybeans in smallholder farms in Kenya 
To evaluate the efficacy of NPS-19:38:0:7 against  Diammonium phosphate (DAP) and NP- 23:23 on maize yields in 
smallholder farms in Kenya 
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1.2. Materials and Methods 
1.2.1.  Site Selection 
Experimental sites were selected from four counties in central Kenya namely Murang’a South, Nyeri, Kirinyaga and Embu. 
The project set up is to selecting twenty farms [four farms (replicates) x 5 clusters] per county in four counties of central Kenya 
all making a total of 80 on-farm trials. The cluster represents five relatively different sites while the four farms in a cluster are the 
replicates of the trial.  
However, for the first cropping season of the project it was only possible to manage to select a total of 56 farms. Selected 
counties and farms are presented in Table 1. 
    Table 1: Counties, number of clusters and of farms selected in 2012-2013 
County Cluster Number of farmer sites Total number of farms 
Murang’a South 
1 3  
12 2 4 
3 4 
4 1 
Embu 
1 1  
92 2 
3 2 
4 4 
Kirinyaga 
1 4  
19 2 4 
3 3 
4 4 
5 4 
Nyeri 
1 4  
16 2 2 
3 4 
4 3 
5 3 
1.2.2.  Treatment and Experimental Layout 
The treatments are: (1) Farmer’s practice considered as the control and consists of modest applied rates of NP-23:23 at ¼ (25 
kg ha-1 P2O5 equivalent) of the recommended rate of fertilizer. The farmer’s practice was adopted as the control because in this 
Central region, farmers will hardly plant the crops selected without applying little quantity of fertilizers or manure. (2) NP-23:23 
applied to provide 100 kg P2O5/ha. (3) DAP applied at a rate to provide 100 P2O5/ha and (4) OCP NPS applied at the rate to also 
provide 100 kg P2O5/ha. On maize, OCP NPS-19:38:0:7 was used whilst OCP NPS-12:46:0:7 was used on soybeans and 
climbing beans. Potassium was applied at 50 kg/ha K20 on all crops and treatments, except farmer’s practice, to avoid any 
possible crop yield limitations due to insufficient potassium nutrition.  
The trials were laid out such that the clusters and the four farmers per cluster were considered the sites and the blocks, and the 
replicates, respectively. On each field site, maize hybrid-Duma 43, climbing bean variety Mac34 and soybean variety BPFB 19 
were planted. The crops were planted in 5x5 m2 plots. Maize and climbing beans were planted at a spacing of 75cm x 30cm x 1 
seed while soybeans were planted at 50cm x 10cm x 2 seeds. 
Trials were jointly managed by the researchers, farmers and field staff from the Ministry of Agriculture.  All agronomic 
practices were observed as per recommendations. After harvest, yield data was recorded and grain yields were returned to the 
farmers. Statistical analysis was conducted by the Analysis of variance (ANOVA) using the Genstat. 
2. Results  
2.1.  Maize grain yield responses  
Maize yields showed wide variations within and across the counties and the sites. These variations might be related to several 
factors including differences in rainfall amounts and distributions during the growth of the crop, in soil fertility levels and in crop 
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management. Large maize yields up to more than 10 t/ha were obtained, particularly in Murang’a and, also in very limited 
number of sites, in the three other counties, Embu, Kirinyaga and Nyeri.  
The maize grain yields obtained in Murang’a, Embu, Kirinyaga & Nyeri are shown on figures 1, 2 and 3, respectively. The 
large grain yields across the overall sites are shown on figure 4. The respective effects of the different fertilizer sources applied to 
maize, which are expressed in increases in maize yields over the farmer practice (set as the control treatment) and over DAP, 
which is the reference fertilizer presently used on maize, are presented in Table 2. 
Table 2: Average maize grain yield increases over the Farmer Practice and DAP obtained in the 4 counties   
Fertilizer source 
Average increases (%) in maize grain yields over the farmer practice 
EMBU MURANG’A KIRINYAGA & NYERI Sites with large yields (> 8 
t/ha)*
23.23.0 26 48 85 43 
18.46.0 30 128 74 140 
19.38.0.7S 28 146 85 156 
Average increases (%) in maize grain yields over DAP 
23.23.0 8 10 16  
19.38.0.7S 23 14 22  
*: across all the four counties. 
In Embu, the rate of 100 kg/ha P205 applied as 23.23.0, 18.46.0 (DAP) and 19.38.0.7S (OCP NPS product) provided increases 
in the yields of maize over the farmer practice amounting to about 30% with no differences among the three sources of fertilizers
under test. Maize yields in Embu were generally the smallest, compared with the yields from the three other counties.   
Murang’a shows the largest effects of the applied fertilizers on the yields of maize with large increases obtained over the 
farmer practice of 48, 128 and 146% from the application of 23.23.0, DAP and OCP NPS, respectively. OCP NPS gave the 
average largest yield increase over the farmer practice, raising average yields almost three times larger than the yields farmers get 
through their present practice.  
In Kirinyaga and Nyeri, average maize yields increases over the farmer practices amounted to 85, 74 and 85% from the use of 
23.23.0, DAP and OCP NPS, respectively. These values are higher than those obtained in Embu but are lower than those from 
Murang’a.  
Compared with DAP, OCP NPS shows in Embu, Kirinyaga and Nyeri, average increases in maize yields of about 20%. This 
is not happening on each site but on 30% of the sites in Embu and Murang’a and 40% of the sites in Kirinyaga & Nyeri. There is 
a need to collect soil, rainfall and crop management factors, among possible other factors, in order to further the interpretation of 
the differences observed across the counties and provide sound recommendation on the relevant situations where 19.38.0.7S will 
provide larger maize yield grains than the two other fertilizers.    
In addition to these three different maize responses to the applied fertilizers, which indicate the interest to try to find out the 
factors that might explain or be related to the results obtained, the cases of large maize yields (> 8 t/ha) was considered and
yields relating to these cases are shown on Figure 4. These large yields are mainly obtained from the use of DAP and OCP NPS 
(Table 2), which provide average increases in maize yields over the farmer practice amounting to 140 and 156%, respectively.   
The maize yields obtained indicate cases with low, medium and high maize responses to applied fertilizers. These different 
situations, which should commend different fertilization recommendations, need to be further investigated by using all available
soil, climate and management data that would help fine tune the interpretation of the results obtained and provide more sound 
conclusions.    
2.2.  Soybean grain yield responses  
Soybean grain yields showed two contrasting cases, with sites (14) where yields are rather low (less than 1t/ha soybean 
grains) and sites (6) with grain yields above 1t/ha, reaching on few sites 2 to 3t/ha. Figures 5 and 6 show yields obtained on these 
two different situations, respectively. The largest soybean grain yields were obtained at Kirinyaga and Embu while the smallest
soybean grain yields were obtained in Nyeri, Muranga and also in Kirinyaga. In addition to differences in soil fertility levels,
better crop management on the sites with larger yields mostly explains the differences observed. 
Table 3 shows the average soybean grain yields less than 1t/ha obtained in Nyeri, Muranga and Kirinyaga. 
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Table 3: Average soybean grain yields increases (%) on sites where yields were less than 1t/ha  
Fertilizer source 
Average increases (%) in soybean grain yields over the farmer practice 
NYERI MURANG’A KIRINYAGA 
23.23.0 4 150 106 
18.46.0 43 219 162 
12.46.0.7S 121 142 95 
 Average increases (%) in soybean grain yields over DAP 
23.23.0 0 0 7 
12.46.0.7S 55 0 7 
In Nyeri the largest grain yield increases over the farmer practice and over DAP were obtained with 12.46.0.7S (Table 3) 
where it has increases the yields to 121 and 55% over the farmer practice and DAP, respectively. On the contrary, in Murang’a 
and Kirinyaga, DAP provided the largest soybean grain yield increases (Table 3) and only in one case over 13, do 23.23.0 and 
12.46.0.7S give little yield increase (7%) over DAP.   
On Table 4 are shown soybean grain yield increases obtained in Embu and Kirinyaga on sites where the yields are larger than 
1t/ha, with the largest yield of 3t/ha was given by the application of 12.46.0.7S (Figure 6). 
Table 4: Average soybean grain yields increases (%) on sites where yields were above 1t/ha  
Fertilizer source Average increases (%) in soybean grain yields over the farmer practice 
EMBU KIRINYAGA 
23.23.0 13 84 
18.46.0 20 118 
12.46.0.7S 19 117 
 Average increases (%) in soybean grain yields over DAP 
23.23.0 16 7 
12.46.0.7S 7 20 
In Embu and Kirinyaga where soybean grains yields larger than 1 t/ha were obtained, DAP and 12.46.0.7S provided larger 
yield increases over the farmer practice than the application of 23.23.0, averaging 20 and 118%, respectively .  
 In these two sites, 12.46.0.7S gives roughly equal soybean yields in Embu than DAP but in Kirinyaga, where the number of 
sites is larger, on average 12.46.0.7S gave an increase of 20% in the grain yields of soya compared with DAP. As it was noted 
that soybean management in Kirinyaga was better compared with the other two sites, this seems to indicate that 12.46.0.7S 
responds well and better than DAP when good soybean management is followed.      
2.3.  Climbing bean grain yield responses  
Climbing bean grain yields are shown on figure 7. These yields are rather small and show large variation, ranging from less 
than 100 to a maximum of 1067 kg/ha. Over the 12 sites implemented in Embu, Murang’a, Nyeri and Kirinyaga, 23.23.0 gave 
the largest yields on three sites (one site in each of Embu, Nyeri and Kirinyaga county), DAP also gave the largest yields on three 
sites (two sites in Murang’a and one site in Kirinyaga) and OCP 12.46.0.7S had the largest yields on four sites, two in Murang’a
and two in Nyeri. 
Table 5: Average increases (%) in climbing bean grain yields over the farmer practice and DAP in the 4 counties 
Fertilizer source 
Average increases (%) in climbing bean grain yields over the farmer practice 
EMBU MURANG’A NYERI KIRINYAGA 
23.23.0 150 32 116 225 
18.46.0* 0 109 74 190 
12.46.0.7S 100 161 96 110 
Average increases (%) in climbing bean grain yields over DAP 
23.23.0 150 15 59 13 
12.46.0.7S 150 40 109 0 
 *:  DAP yields in Embu were very small, in the range of 133 to 213 kg/ha. 
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Clearly, there is large variation within and across sites regarding the increases in climbing grain yields over the farmer 
practice resulting from the applications of 23.23.0, 18.46.0 (DAP) and 12.46.0.7S (OCP NPS). Meanwhile, these applications 
much increased the yield of the crop compared with the farmer practice. Except in Kirinyaga, 12.46.0.7S provides notable yield 
increases over DAP, which ranges from 40% (in Murang’a) to 150% (in Embu).      
2.4.  Discussion 
Maize, soybean and climbing bean responses to the applications of 23.23.0, DAP (18.46.0) and OCP NPS (19.38.0.7S on 
maize and 12.46.0.7S on soybean and climbing bean), respectively, indicated situations associated with small, medium and large 
crop yields, which need to be appropriately characterized in soil nutrient contents, rainfall regimes/water management and crop
management in order to tailor conclusions and recommendations accordingly. The ongoing soil characterizations from soil 
samples already taken and the parameters that will be collected during the second cropping which has just started this Mars/April 
will provide data to further assess the effects of the applied fertilizers to the selected three crops. Meanwhile, the preliminary
results obtained clearly show crop yield responses to the applied fertilizer sources in almost all sites and the four counties. Across 
the sites and counties farmer practices have the smallest yields, which are related to the small quantities of fertilizer nutrients, 
especially nitrogen and phosphorus, usually applied by farmers on the crops they grow. 
        On Maize, the use of 19.38.0.7S, which aims at ensuring sufficient sulphur nutrition to crops grown and which take into
consideration the growing evidence of increasing sulphur deficiencies in soils continuously cropped with larger crop yields, and
which are poor in organic matter content and very often acidic, gives promising preliminary results when compared with the use 
of DAP. These results that show average maize grain yields increases resulting from the application of 19.38.0.7S over DAP of 
14, 22 and 23% in Murang’a, Kirinyaga & Nyeri, and Embu, respectively, support the need to apply sulphur in addition to the 
other nutrients commonly applied on maize. They also support reports that increasingly stress and provide evidences that soil 
sulphur deficiencies are spreading over several cropped areas in countries of SSA and of other regions in the world, Asia and 
Latin America, in particular.     
The use of 12.46.0.7S on soybean gives also preliminary interesting results as on average, compared with DAP, it has 
increased soybean grain yields by around 20% in Kirinyaga, and more than 55% in Nyeri. On climbing beans, 12.46.0.7S has 
also increased the grain yields, compared with DAP, by 40% to more than 40% in Embu, Murang’a and Nyéri. 
 The results obtained indicate that the application of sulphur through the use of OCP NPS products can provide notable 
increases in the yields of maize, soybean and climbing bean grown under the condition of Central Kenya. The data from the 2013 
and 2014 cropping seasons will be in-depth analyzed with relevant soils, crops and climate parameters in order to better assess
the effects of the applications of the two OCP NPS products, 19.38.0.7S and 12.46.0.7S on the selected crops and also to provide
sound recommendations.       
3. Conclusions   
The two OCP NPS products tested against fertilizers currently applied to maize, soybean and climbing beans have shown 
good effects on the yields of crops grown and compared well with the fertilizers usually applied on them.  
The application of 19.38.0.7S on maize, and of 12.46.0.7S on soybean and climbing bean increases the yields of these crops 
by 20% or more compared with DAP. On climbing bean, compare with DAP, the yield increases resulting from the use of 
12.46.0.7S are the largest, and DAP appear to be not very efficient for growing this crop.   
The results of the soil analysis from the soil samples taken in 2012/2013 and the results from the tests which will be 
conducted during two more years will certainly provide more detailed results, help fine-tune the interpretations and preliminary
conclusions made, and also elaborate sound recommendations for the use of the two NPS products.        
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Figure 1 : Maize grain yields (kg/ha) – MURANG’A 
Figure 2: Maize grain yields - EMBU 
FP 23.23.0 18.46.0 19.38.0.7S
FP 23.23.0 18.46.0 19.38.0.7S
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Figure 3: Maize grain yields (Kg/ha) – KIRINYAGA (S1 to S13) & NYERI (S14 and S15) 
Figure 4 Maize grain yields (kg/ha) on sites showing large yields across the 4 counties 
FP 23.23.0 18.46.0 19.38.0.7S
FP 23.23.0 18.46.0 19.38.0.7S
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Figure 5: Soybean grain yields (kg/ha) across sites with low to medium yields   
Figure 6: Soybean grain yields (kg/ha) across sites where large yields (>1t/ha) were obtained  
FP 23.23.0 18.46.0 12.46.0.7S
FP 23.23.0 18.46.0 12.46.0.7S
N:NYERIM:MURANGAK:KIRINYAGA
E:EMBUK:KIRINYAGA
364   E.W. Gikonyo et al.  /  Procedia Engineering  83 ( 2014 )  354 – 364 
Figure 7: Climbing bean grain yields obtained across the sites 
FP 23.23.0 18.46.0 12.46.0.7S
E:EMBUM:MURANGAN:NYERIK:KIRINYAGA
